The infinite-server queueing models M|G|∞, BM|G|∞, BMk|Gk|∞ with homogeneous and non-homogeneous arrivals of customers and catastrophes are considered. The probability generating functions (PGF) of joint distributions of numbers of busy servers and different type served customers, as well as the Laplace-Stieltjes Transforms (LST) of distribution of busy period and distribution of busy cycle for the models are found.
For many applications it is important to evaluate the inference of environmental parameters on their performance measures. For example, QoS of mobile networks has high correlation with external and internal environmental parameters. Moreover, the reliability of cables has high inference on throughput of channels and loss of requests in wired networks [22] .
To evaluate the QoS of systems when the inference of environment has "disastrous" or "catastrophe" character, for example loss of communication, failure of all channels or servers of the system, instantaneous death of all species of population, collapse of financial organization or insurance company, virus attack of computer server etc., the queueing models with "catastrophes" are used. Comprehensive review on queueing models with catastrophes and negative signals can be found in Artalejo [22] , Do [23] , Bocharov [24] . Most of the articles are dedicated to M|M|N, G|M|1 and M|G|1 queueing models with catastrophes. Infinite-server queuing models M|M|∞ with catastrophes have been considered by Chao [25] , Bohn [26] , Economou and Fakinos [27] , Di Crescenzo and all [28] . The stationary and transient distributions of queue size were obtained by using Markov Processes, Renewal Processes, dual processes, and embedded processes. The models of M|G|∞ and BM|G|∞ with homogeneous and non-homogeneous arrival of catastrophes are carried out in Kerobyan [29] . The basic differential equations, their solutions and LT of busy period and busy cycle of models are found. The queueing model MMAPn|Gn|∞ with homogeneous and non-homogeneous Marked MAP arrival of different types of customers and catastrophes is considered by Kerobyan [30] . The basic system of differential equations for PGF of the model, their solutions, the PGF of joint distribution of queue size and the vector of number of already solved customers are found. The queueing model MMAPn|Gn|∞ with homogeneous Marked MAP arrival of different types of customers in semi-Markov environment, with resource vector of customers and catastrophes is considered by Kerobyan [31] . The basic system of differential equations for PGF of the model, their solutions, the PGF of joint distribution of accumulated resources, queue size, vector of total served resources are found. The general method of modeling of queuenig models in random environment and catastrophes is considered.
In the present paper, we consider the models M|G|∞, BM|G|∞ and BMk|Gk|∞ with stationary and transient arrivals of customers and catastrophes. The basic differential equations of the models and their stationary and transient solutions are found. For these models the joint distribution of queue size and number of served customers and their moments are found. The distributions of busy period and busy cycles of models with stationary arrivals of customers and catastrophes have been investigated. 
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with initial conditions 0 (0)
The probabilities () n Ptsatisfy following conditions:
From condition (2) we derive
After substitution (3) into (1) for probabilities we get To solve the system of differential equations (4), we use probability generating functions (PGF) [3, 10, 35] . Let ( , ) P z t be a PGF for number of busy servers in the model at moment t ,
Theorem2. The generating function ( , ) P z t satisfies the following basic differential equation
with initial condition ( , 0) 1. The solutions of (7) have form
Particularly, for first two moments of number of busy servers from (8) we find 
The probabilities () n Ptof the model can be found by
Theorem3. 
Let consider some performance measures for the model M|D|∞ with catastrophes.
In many applications, for example in mobile computer networks and telecommunication networks, customers and catastrophes arrivals have non-stationary nature [2, 16, 34] . This fact leads to use the non-stationary Poisson processes to model the arrival of customers and catastrophes. To define the PGF ( , (6), (9), (10) and (11) we have to change
When 0 v = , we have queuing model M|G|∞ with infinite number of channels and without catastrophes. From (6), (9) , and (10), we derive the results that are well known in queuing theory [3, 8] Pt be a probability that there are m busy servers at moment t , and n customers are 
. By the standard method Tijms [3] we can write the corresponding Kolmogorov differential equations:
with initial conditions 00 (0) 1, (0) 0, 0, 0.
Then from (16) for PGF ( , , ) P y z t we get the following differential equation 
P z t is a PGF of the number of served customers during time interval [0, ) t and, as follows from (18), it does not relate to the process of catastrophes.
The solution for differential equation (18) Corollary. From (15) and (19) , it follows that PGF ( , , ) P y z t can be presented in a factor form ( , , ) (1, , ) ( ,1, ) P y z t P z t P y t = .
Here, ( ,1, ) P y t is a PGF of the number of busy servers, and (1, , ) P z t is a PGF of a number of customers served during [0, ) t interval. It can be shown that queueing model M|G|∞ with catastrophes is the only one which allows this decomposition. 
Using (22) 
..., Denote by ( , , ) Pt zy the joint PGF of number of busy servers () t N in the model at moment t and number of () t M customers served in interval [0, ) t . 
The solution for differential equation (18) 
tu kk .
is a probability that arriving batch contains 1 n customers of first type, 2 n customers of second type, … 
...
,...,
... To solve this model we will use method of collective marks. Let us mark -color each i type customer in arriving batch independently from other customers in the batch and in the system with "red" color by respectively. Hence, the probability of event "no blue customers in the system at moment t " is 0 12
12
[1 ( ( , ))]
, the probability of event "no red customers in the system at moment t " is 
Where 2 ( , ) Pt z is a PGF of the number of customers that have been served before time t , and 1 ( , ) Pt z is a PGF of the number of customers that served in the system at the moment t . The corresponding PGF for the model with catastrophes can be found by following arguments [31] . Let us note that the dynamic of the model with catastrophes between two consecutive catastrophes is the same as the dynamic of the model without catastrophes. After the catastrophes the model jumps to the idle state and continues its dynamic from that state as the model without catastrophes. If the catastrophes occur according to Poisson process with parameter v then the PGF of the model with catastrophes ˆ( , ) Pt z we define by using collective marks method.
ˆ( , )
Pt z is the probability that no "blue" customers in the model with catastrophes at moment t . Indeed, this event can happened if catastrophes do not occur in [0,t) and no "blue" customers arrive (the probability of this event is ( , )
), or a catastrophe occurs at the moment , [0, ) x x t  , (the probability is vdx ), the model jumps into idle state and during the time tx − catastrophes do not occur and no "blue" customers arrive (the probability of this event is ). By using the total probability rule for PGF ˆ( , ) Pt z we get
t vt v t x Then from (19) we find 
P t P t e v P t x e dx
If this result write in the form (29) then according to Kerobyan [31] and Matveyev [35] it has simple probabilistic interpretation. Let suppose that independently of the model can occur event A according to Poisson process with parameter s . Then the left and right sides of (21) (with probability According to [35] for the class of conservative queuing models with Poisson arrival of customers, the probability that the model is empty, the distributions of busy period and the busy cycle can be defined from the following equations 00 ( ) ( ) ( ),( 
If 0 v = , from (19) we derive the well known result for classical model M|D|∞ without catastrophes Nazarov [38] 
